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(57) ABSTRACT

Medical apparatus includes an endoscope, which includes a
distal end configured for insertion into a body cavity and
which includes an imaging assembly, configured to capture
and output an image of a region of the body cavity in prox-
imity to the distal end. An energy source is configured to emit
pulses of energy through an energy guide. A control unit is
configured to process the image so as to identify a target mass
in the body cavity and to verify that an aiming beam directed
through the energy guide is incident on the target mass and,
responsively to so verifying, to actuate the energy source to
direct a pulse of the energy via the energy guide onto the
target mass.
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1
AIMING BEAM DETECTION FOR SAFE
LASER LITHOTRIPSY

FIELD OF THE INVENTION

The present invention relates generally to minimally-inva-
sive medical devices and procedures, and particularly to an
apparatus and method to control targeted energy procedures
that use an endoscope.

BACKGROUND

Laser lithotripsy is a minimally-invasive procedure that is
widely used in remove stones from the urinary tract, includ-
ing the urethra, bladder, ureters and kidneys. In order to
perform laser lithotripsy, an endoscope (such as a cystoscope,
ureteroscope or renoscope) is inserted into the urinary tract to
the stone location, and an optical fiber is introduced into the
working channel of the endoscope. The fiber is pushed for-
ward until it exits the distal opening of the working channel
and comes into close proximity with the stone. A laser beam
is fired through the fiber onto the stone, causing the stone to
absorb the laser beam energy and disintegrate.

If the laser beam is fired while the fiber is still inside the
working channel of the endoscope, rather than protruding out
of the distal opening, the beam can damage the working
channel, as well as surrounding tissues. Various solutions to
this problem have been proposed. For example, U.S. Patent
Application Publication 2013/0072753 describes a system
for preventing inadvertent actuation of a medical device. The
system includes an elongate tube having a proximal end, a
distal end, and a lumen extending from the proximal end to
the distal end. The lumen is configured to receive a medical
device having an actuated state and an inactive state. A detec-
tion system determines the position of the distal end of the
medical device relative to the distal end of the elongate tube
and controls the activation of the medical device.

SUMMARY

Embodiments of the present invention that are described
hereinbelow provide methods and apparatus that may be used
to control energy emission in endoscopic procedures.

There is therefore provided, in accordance with an embodi-
ment of the present invention, medical apparatus, including
an endoscope, which includes a distal end configured for
insertion into a body cavity and which includes an imaging
assembly, configured to capture and output an image of a
region of the body cavity in proximity to the distal end. The
apparatus includes an energy guide and an energy source,
configured to emit pulses of energy through the energy guide.
A control unit is configured to process the image so as to
identify a target mass in the body cavity and to verify that an
aiming beam directed through the energy guide is incident on
the target mass and, responsively to so verifying, to actuate
the energy source to direct a pulse of the energy via the energy
guide onto the target mass.

In some embodiments, the apparatus includes an illumina-
tion source, which is configured to direct the aiming beam
through the energy guide.

In some embodiments, the energy guide passes through the
endoscope to an opening at the distal end. Typically, the
endoscope includes a working channel, passing through the
endoscope to the opening at the distal end, and the energy
guide is configured for insertion through the working chan-
nel. The energy guide may be configured to protrude through
the opening at the distal end of the endoscope, so that a distal
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tip of the energy guide is in proximity to the target mass. In a
disclosed embodiment, the endoscope is configured for inser-
tion through a urinary tract of a patient, wherein the target
mass is a stone, and wherein the pulses emitted by the energy
source are configured to be absorbed by and thereby induce
disintegration of the stone.

Typically, the energy guide includes an optical fiber, and
the energy source includes a laser.

Inadisclosed embodiment, the control unit is configured to
inhibit operation of the energy source when the aiming beam
does not appear in the image to be incident on the target mass.
Optionally, the control unit may be configured to delay inhi-
bition of the operation of the energy source during a pre-
defined time interval following emission of the pulse of
energy onto the target mass.

There is also provided, in accordance with an embodiment
of the present invention, a method for performing an endo-
scopic procedure, which includes providing an endoscope,
which includes a distal end configured for insertion into a
body cavity, and an energy guide, configured for insertion
into the body cavity. An aiming beam is directed through the
energy guide into the body cavity. An image of a region of the
body cavity in proximity to the distal end is captured and is
processed, using an image processor, so as to identify a target
mass in the body cavity and to verify that the aiming beam is
incident on the target mass. Responsively to so verifying, an
energy source is actuated to direct a pulse of energy via the
energy guide onto the target mass.

The present invention will be more fully understood from
the following detailed description of the embodiments
thereof, taken together with the drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic, pictorial illustration showing a sys-
tem for laser lithotripsy, in accordance with an embodiment
of the present invention;

FIG. 2 is a block diagram that schematically shows ele-
ments of a control console in a laser lithotripsy system, in
accordance with an embodiment of the present invention;

FIG. 3 is a flow chart that schematically illustrates a
method for control of a lithotripsy procedure, in accordance
with an embodiment of the present invention; and

FIG. 4 is a schematic, pictorial illustration showing a sys-
tem for laser lithotripsy, in accordance with another embodi-
ment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Itis believed that laser lithotripsy systems are known in the
art and typically use a high-power infrared laser, such as a
holmium YAG laser, to generate energy pulses that are fired at
the target stone. It is also believed that the laser beam used for
breaking the stone is typically invisible to the human eye and
to standard image sensors, and thus another illumination
source, such as a visible LED or laser source, may be used to
generate a visible aiming beam. This aiming beam typically
may be directed through an optical fiber or other similar
device and arranged to strike the target of the laser beam. With
the use of the aiming beam, an aiming beam spot can appear
in the images formed when an endoscope is being used to
view the target area and thus enables the physician operating
the system to see where the energy from the fiber will be
incident.

In order to avoid damage to surrounding tissues, the phy-
sician should make sure that the aiming beam is incident on
the stone before firing the laser. Proper observation of the
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aiming beam spot on the stone should also help prevent mis-
firing of the laser while the fiber is still inside the working
channel, rather than protruding out distally toward the target
as it should be. In practice, however, stones tend to move
during treatment, and maneuvering the endoscope and the
fiber is difficult, requiring substantial dexterity and care. As a
result, misfires occur all too commonly, resulting in damage
to patient tissues and to the endoscope.

Embodiments of the present invention that are described
hereinbelow are intended to prevent misfiring of the laser by
verifying that the aiming beam is properly incident on the
target stone before allowing the laser to be actuated. One way
this objective may be accomplished by processing images
captured by the endoscope camera. In addition to the benefits
of'preventing damage to tissues and equipment, this approach
may be particularly advantageous in that it can be imple-
mented simply by adding the appropriate processing and
control capabilities to existing laser lithotripsy systems, with-
out substantial modifications or additions to the system hard-
ware.

Thus, in the disclosed embodiments, an endoscope, having
a distal end configured for insertion into a body cavity, com-
prises one or more of the following:

An imaging assembly, which captures and outputs an
image of a region of the body cavity in proximity to the
distal end;

An energy guide, which may or may not pass through the
endoscope to an opening or the area at the distal end of
the endoscope; and

An energy source, which is coupled to emit pulses of
energy through the energy guide.

In addition, as noted earlier, an illumination source may
direct an aiming beam through the energy guide. Alterna-
tively, assuming the energy source to comprise a laser, this
laser may be configured to emit a low-power visible beam, in
addition to the high-power energy pulses, for use as the aim-
ing beam instead of a separate illumination source.

A control unit processes the image that is output by the
imaging assembly so as to identify a target mass, such as a
stone, in the body cavity and to verify that the aiming beam is
incident on the target mass. On the basis of this verification,
the control unit actuates the energy source to direct an energy
pulse via the energy guide onto the target mass. Otherwise,
the control unit may inhibit operation of the energy source.

In an embodiment described below, the endoscope com-
prises a working channel, the energy guide comprises an
optical fiber, and the energy source comprises a laser. The
optical fiber is inserted through the working channel as
described above, so that the distal tip of the fiber protrudes
from the distal opening of the working channel, in proximity
to the target mass. The endoscope is configured for insertion
through a urinary tract of a patient, wherein the pulses emitted
by the laser are absorbed by and thereby induce disintegration
of a stone, such as a kidney stone.

Although the embodiments described below make refer-
ence, by way of example, to laser lithotripsy in particular, the
principles of the present invention are by no means limited to
this specific therapeutic context. Rather, in alternative
embodiments, the methods of image processing and control
that are described herein may be applied, mutatis mutandis, in
other sorts of therapeutic procedures using not only lasers, but
also energy sources of other types, such as acoustic or micro-
wave sources. Furthermore, although these embodiments are
directed specifically to treatment of the urinary tract, the
systems and methods described herein may similarly be
applied in endoscopic treatments within other body cavities,
such as the intestinal tract, the respiratory system, and the
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cardiovascular system, as well as elsewhere within the tho-
racic and abdominal cavities and in neurosurgical and dental
procedures, or anywhere else in the body where a laser or
other targeted energy source may be used.

FIG. 1 is a schematic, pictorial illustration showing a sys-
tem 20 for laser lithotripsy, in accordance with an embodi-
ment of the present invention. A system operator 22, typically
a physician, such as a urologist, passes the distal end of a
suitable endoscope 24 into a body cavity of a patient 26, such
as into the bladder, ureter or kidney. As shown in the inset,
operator 22 manipulates endoscope 24 in order to bring the
distal end of the endoscope into proximity with a target mass,
such as a stone 28.

An imaging assembly 30 in the distal end of the endoscope,
comprising an image sensor and suitable imaging optics, as
are known in the art, captures images of a region within the
body cavity in the vicinity of the distal end and transmits
corresponding image signals via wires 32 to a control console
40. Alternatively, the imaging assembly may comprise a
fiberoptic image guide (not shown), which conveys images of
the region to an image sensor at the proximal end of the
endoscope. Typically, imaging assembly 30 also comprises
an illumination source, as is known in the art, for illuminating
the region of the captured image, but this element is likewise
omitted from the figures for the sake of simplicity.

Endoscope 24 contains a working channel 34, extending
from the proximal to the distal end of the endoscope. Operator
22 inserts an energy guide, typically a suitable optical fiber
36, through working channel 34 until the distal end of the
optical fiber protrudes through the distal opening of the work-
ing channel, into proximity with stone 28. Both the high-
power infrared laser beam that is used to disintegrate stone 28
and the visible aiming beam pass through fiber 36 from con-
sole 40 to the distal end of the fiber, where they are incident on
stone 28 (as long as endoscope 24 is properly aimed).

Console 40 comprises control and irradiation components,
which are shown in FIG. 2. Operator 22 may interact with
these components via suitable user interface elements, such
as a foot pedal 42 and/or controls on a handle 44 of endoscope
24. Console 40 provides information to operator 22 on a
display 38, and possibly also by other means, such as audio
and/or haptic outputs. Typically, display 38 shows images
captured by imaging assembly 30, which in this case include
an image 46 of stone 28. When fiber 36 is properly deployed
out of the distal end of working channel 34 and aimed at stone
28, the aiming beam will form a bright spot on the stone,
which will appear as a beam spot 48 on image 46. Spot 48 may
be recognized by its characteristic size, shape and color (for
example, green).

FIG. 2 is a block diagram that schematically shows ele-
ments of console 40, in accordance with an embodiment of
the present invention. A pulsed beam of a suitable laser 50,
such as a holmium YAG laser, is aligned and directed by
optics 54 into the proximal end of fiber 36. An illumination
source 52, such as a visible LED- or laser-based source, emits
an aiming beam, which is similarly focused by optics 54 into
fiber 36. Alternatively, as noted earlier, laser 50 may be con-
figured to emit a low-power visible beam, in addition to the
high-power lithotripsy pulses, for use as the aiming beam, in
which case illumination source 52 may not be needed.

A control unit 56 monitors and controls the operation of
laser 50 and illumination source 52. Typically, control unit 56
comprises a general-purpose programmable processor with
suitable interfaces and software for performing the functions
that are described herein. Alternatively or additionally, some
or all of these functions may be performed by a digital signal
processor and/or by programmable or hard-wired hardware
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logic. Although in FIG. 2 and in the description that follows,
control unit 56 is shown as comprising certain particular
functional blocks, in practice these blocks may be imple-
mented within a single device, such as an integrated circuit
chip or as software modules running on a microprocessor.
Furthermore, control unit 56 may typically perform other
functions, as well, within console 40, such as operating the
user interface of system 20, along with other operations that
are beyond the scope of the present description.

Control unit 56 comprises an image processor 60, which
processes the images output by imaging assembly in order to
identify image 46 of stone 28 and to verify that spot 48,
corresponding to the aiming beam, appears on image 46 in a
manner indicating that the aiming beam is incident on the
stone. Image processor 60 signals a beam controller 58,
which actuates laser 50 on command of operator 22. Typi-
cally, controller 58 will allow laser 50 to be actuated only
when image processor 60 provides an “enable” signal, after
verifying that the aiming beam is incident on stone 28, and
may inhibit actuation of the laser otherwise.

FIG. 3 is a flow chart that schematically illustrates a
method for control of a lithotripsy procedure in system 20, in
accordance with an embodiment of the present invention.
This method is described here, for the sake of clarity and
convenience, with reference to lithotripsy of kidney stones
using system 20, but it may similarly be applied, mutatis
mutandis, in other sorts of endoscopic systems and proce-
dures.

Initially, until endoscope 24 and fiber 36 reach their proper
positions within the patient’s body, controller 58 keeps laser
50 disabled, while illumination source 52 is turned on to
generate the aiming beam, at a preparatory step 70. Controller
58 or image processor 60 may verify at this stage that the
illumination source is operational by optical or electronic
means. Control unit 56 maintains this initial configuration of
the laser and aiming beam while operator 22 advances endo-
scope 24 into the target organ, for example, the kidney, locates
stone 28 within the organ (typically by observing display 38),
and advances fiber 36 so that the distal end of the fiber is in
proximity to stone 28.

Image processor 60 acquires and processes images that are
output by imaging assembly 30, at an image processing step
72. Control unit 56 may perform this function continuously,
while system 20 is in operation, or it may initiate the function
when operator 22 initiates actuation of laser 50. Image pro-
cessor 60 attempts to identify a stone in the acquired images,
at a stone detection step 74. Various methods of image pro-
cessing that are known in the art, such as pattern recognition
techniques, may be used for this purpose.

For example, image processor 60 may perform the follow-
ing operations in step 74:

1) The image is pre-processed to remove artifacts and
spurious elements, which may otherwise decrease the
efficiency of the detection process.

2) The image is divided into regions, each of which is a
candidate to contain the stone. The regions may be
defined by passing a sliding window over the image, or
using methods of image segmentation.

3) Each image region is transformed to a vector in feature
space in order to distinguish areas containing the stone
from the background. The feature space may include
values of properties such as color, texture, and edge
contours. Prior, offline analysis is used to establish the
boundaries of the area or areas in feature space into
which stones may fall.

4) A classifier compares the feature space vectors to the
boundaries of the stone areas, and thus decides which, if
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any, of the regions of the current image contains a stone.
The classifier may simply compare each feature value to
an applicable threshold, or it may perform a more com-
plex, multivariate and/or statistical comparison.

If after the above analysis, image processor 60 concludes
that the current image does not contain a stone, control unit 56
may signal operator 22 to indicate that the endoscope should
be repositioned. For example, console 40 may provide a
visual indication (such as the words “NO STONE IDENTI-
FIED” or “LASER DISABLED,” or a corresponding icon) on
display 38 and/or an audio output. In this case, system 20
continues to acquire and process new images at step 72, and
laser 50 remains disabled.

On the other hand, if a stone is identified in the image at
step 74, image processor 60 goes on to verify that spot 48 is
properly located on image 46 of the stone, at an aiming
verification step 76. Spot 48 may be detected on the basis of
its distinctive, known color, as well as its shape and its loca-
tion in the frame relative to the previous frame (based on the
assumption that the location of the aiming beam changes in a
continuous manner from frame to frame). Again, if image
processor 60 does not detect the aiming spot on the stone
image that was found at the preceding step, control unit 56
may signal operator 22 accordingly and return to step 72.
Upon veritying that the aiming beam is properly located on
stone 28, however, image processor 60 will signal beam con-
troller 58 to enable laser 50, and the laser will fire a pulse onto
the target.

Frequently, just after a laser pulse is incident on the surface
of stone 28, a cloud of dust and debris accumulates between
the stone and the distal end of endoscope 24. This cloud may
obscure the images captured by imaging assembly 30 for
several seconds, until the region of the stone is cleared by
irrigation fluid from the endoscope. During this period, image
processor 60 may be partially or completely unable to iden-
tify the stone and the aiming beam. In this sort of situation,
control unit 56 may be programmed to enable repeated actua-
tion of laser 50 for a short time following the initial laser
pulse, even though the aiming beam cannot be visualized.
Thus, beam controller 58 may not immediately inhibit laser
50 when image processor 60 loses the image of the stone after
the initial laser pulse, but rather may delay such inhibition for
a predefined time interval so that the laser beam is inhibited
only if the loss of image persists for a certain length of time.

FIG. 4 is a schematic, pictorial illustration showing a sys-
tem 80 for laser lithotripsy, in accordance with an alternative
embodiment of the present invention. The operation of this
embodiment is similar to that of system 20 (FIG. 1), and like
elements in FIG. 4 are labeled with the same numbers as in
FIG. 1. In system 80, however, optical fiber 36 is separate
from endoscope 24 and is manipulated by operator 22 inde-
pendently. (This sort of arrangement may be used, for
example, in laparoscopic procedures. Fiber 36 in this case is
typically connected by its own cable to console 40, but this
cable is omitted from FIG. 4 for the sake of simplicity.)

As in the preceding embodiment, operator 22 of system 80
manipulates both endoscope 24 and fiber 36 so that imaging
assembly 30 captures an image of stone 28, and so that beam
spot 48 appears on the stone. When these conditions are
fulfilled, laser 50 may be actuated to fire a laser pulse toward
the stone, as described above.

It will be appreciated that the embodiments described
above are cited by way of example, and that the present
invention is not limited to what has been particularly shown
and described hereinabove. Rather, the scope of the present
invention includes both combinations and subcombinations
of the various features described hereinabove, as well as
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variations and modifications thereof which would occur to
persons skilled in the art upon reading the foregoing descrip-
tion and which are not disclosed in the prior art.

The invention claimed is:

1. Medical apparatus, comprising:

an endoscope, which comprises a distal end configured for
insertion into a body cavity and which comprises an
imaging assembly, configured to capture and output an
image of a region of the body cavity in proximity to the
distal end;

an energy guide;

an energy source, configured to emit pulses of energy
through the energy guide; and

a control unit, which is configured to process the image so
as to identify a target mass in the body cavity and to
verify that an aiming beam directed through the energy
guide is incident on the target mass and, responsively to
so verifying, to actuate the energy source to direct a
pulse of the energy via the energy guide onto the target
mass,

wherein the control unit permits repeated actuation of the
energy source even when the aiming beam does not
appear in the image to be incident on the target mass, so
that the energy source continues to direct further pulses
of the energy via the energy guide for a predefined time
interval following emission of the pulse of energy onto
the target mass and then, after the predefined time inter-
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val, inhibits operation of the energy source when the
aiming beam still does not appear in the image to be
incident on the target mass.

2. The apparatus according to claim 1, and comprising an
illumination source, which is configured to direct the aiming
beam through the energy guide.

3. The apparatus according to claim 1, wherein the energy
guide passes through the endoscope to an opening at the distal
end.

4. The apparatus according to claim 3, wherein the endo-
scope comprises a working channel, passing through the
endoscope to the opening at the distal end, and wherein the
energy guide is configured for insertion through the working
channel.

5. The apparatus according to claim 4, wherein the energy
guide is configured to protrude through the opening at the
distal end of the endoscope, so that a distal tip of the energy
guide is in proximity to the target mass.

6. The apparatus according to claim 4, wherein the endo-
scope is configured for insertion through a urinary tract of a
patient, wherein the target mass is a stone, and wherein the
pulses emitted by the energy source are configured to be
absorbed by and thereby induce disintegration of the stone.

7. The apparatus according to claim 1, wherein the energy
guide comprises an optical fiber, and wherein the energy
source comprises a laser.
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